Introduction
The B Factories have demonstrated since the beginning of this decade that CP violation in the B meson system is consistent with the Standard Model (SM) description in terms of the complex phase in the three-by-three CabibboKobayashi-Maskawa (CKM) matrix [1] . With one single phase, the SM predicts clear patterns for quark mixing and CP violations, to be satisfied by all processes. The unitarity relation V ud V * ub + V cd V * cb + V td V * tb = 0 among the first and third columns of the CKM matrix is represented in the complex plane by a Unitarity Triangle (UT) with angles α = arg[−V td V *
Physics beyond the SM could in general change the picture; for this reason it is very important to make many independent measurements to possibly find inconsistencies of the SM. In the evolution of B 0 B 0 pairs, we reconstruct the decay of one meson to final f at proper time t f , and identify (tag) its flavor using information from the other B meson in the event, decaying at time t tag . The time-dependent CP asymmetry of B 0 (B 0 ) mesons decaying to final state f can be defined as A CP (∆t) ≡ (N f − N f )/(N f + N f ) = S f sin(∆m d ∆t) − C f cos(∆m d ∆t). Here ∆t ≡ t f − t tag , and ∆m d is the mass difference of the B meson mass eigenstates.
1 . The sine term re-1 Some authors, including the Belle collaboration, use the symbols φ 2 , φ 1 , φ 3 for the angles α, β, γ, and A f = −C f for the parameter describing direct CP violation. In the present article we will follow the α, β, γ, C f nomenclature.
sults from the interference between direct decay and decay after a B 0 − B 0 oscillation. A non-zero cosine term arises from the interference between decay amplitudes with different weak and strong phases (direct CP violation) or from CP violation in B 0 − B 0 mixing (the latter is predicted to be small in the SM and has not been observed to date).
The results discussed in the present paper were obtained by the BABAR [2] and Belle [3] experiments, respectively located at the PEP-II and KEKB e + e − asymmetric-energy B factories. Here pairs of BB mesons are produced almost at rest in the decay of the Υ(4S) resonance. The separation between their decay vertices is increased in the laboratory frame due to the boost given by the asymmetric-energy beams. The BABAR experiment has concluded the data taking, collecting a total of 531 f b −1 , of which 433 f b −1 on the Υ(4S) peak, corresponding to about 470 × 10 6 BB pairs. Belle have logged about 850 f b −1 (730 f b −1 on the Υ(4S) resonance) as of June 2008. The results discussed in the present report refer to about 383 × 10 6 BB pairs (BABAR) and about 535 × 10 6 BB pairs (Belle) unless otherwise noted.
Measurements of β

sin2β from b → ccs
The B-Factory paradigm of CP violation measurements is sin2β from b → ccs decays. Being dominated by a single decay amplitude, in the SM with very good accuracy C f = 0 and S f = −η f sin2β for these decays, with η f the CP eigenvalue of the final state. The latest measurement from BABAR [4] , sin2β = 0.714 ± 0.032 ± 0.018, C = 0.049 ± 0.022 ± 0.017 2 includes modes with
, which has no definite CP parity. Belle's latest published measurement [5] The B 0 → D * + D * − channel is a Vector-Vector (VV) final state, which can have L = 0, 1, 2 angular momentum and therefore both even and odd CP components. It is therefore necessary to measure the CP -odd fraction R ⊥ , and to take 2 Here and in the following, unless otherwise noted, the first error is statistical and the second one systematic. They are combined if only one error is given. into account the dilution due to the admixture. Belle presented a preliminary update [10] of R ⊥ = 0.116 ± 0.042 ± 0.004, and of the CP -even asymmetry measurement: S = −0.93 ± 0.24 ± 0.15, C = −0.16 ± 0.13 ± 0.02. The latest published BABAR measurement [11] found a consistent value of R ⊥ = 0.143 ± 0.034 ± 0.008, as well as of the CP parameters: S = −0.66 ± 0.19 ± 0.04,
06. This is unexpected in the SM and not supported by BABAR's measurement [13] , which both in the D + D − and in D * ± D ∓ channels finds CP asymmetries consistent with the SM prediction of tree dominance [14] and therefore with the result in b → ccs. Since however some new physics models could cause sizable corrections [15] , it is important to keep reducing experimental uncertainties.
b → qqs decays
The interest of b → qqs decays has been pointed out for a long time. The quark transition b → s is forbidden in the SM at the tree level, and proceeds dominantly through a penguin diagram with CKM coefficients proportional to V tb V * ts and therefore with the same weak phase as in B 0 → J/ψ K 0 S decays. Since the tree amplitude is missing, small effects such as those expected from additional diagrams due to heavy particles circulating in the loop are in principle more easily detectable. For this reason these decays are especially sensitive probes of new physics. We show in 
Measurements of α
The angle α is measured with a time-dependent analysis of charmless decays of neutral B mesons, B 0 → h + h − , with h = π, ρ, a 1 . Due to the interplay of tree and penguin diagrams in these channels, the experiments are actually sensitive to an effective parameter α ef f . As shown in [17] , one can in principle determine the shift α − α ef f induced by the penguin amplitudes using the isospin-related decays
The procedure of measuring the so-called "isospin triangles" requires however rather large datasets, and leaves with up to eight-fold ambiguities. A relation less stringent, but more accessible with the current data sample since it does not require to tag the flavor of the decaying B also holds [18] : sin
, which is particularly useful for small values of the numerator.
α from B → ππ
This is the "classic" channel to measure α, with a well-established evidence for indirect CP violation by both B-Factory experiments, which still show instead a poor (2.1 sigma) agreement on the C ππ parameter. Both BABAR [19] and Belle [20] perform an isospin analysis to extract α, using all the available information (S +− , C +− , C 00 , B +− , B +0 , B 00 ), shown in Fig. 3 . One of the allowed solutions (α = (96
• for BABAR, (α = 97 ± 11)
• for Belle) is consistent with the indirect determination of α in the SM. 
α from B → ρρ
The decay channel B 0 → ρ + ρ − has the same quark content as π + π − and can also be used to measure α. There are non-trivial experimental complications due to the presence of two neutral pions in the final state, with just weak mass constraints from the wide intermediate resonances.
Moreover, ρ + ρ − is a VV state and necessitates in principle a complete angular analysis to disentangle the effect of the three possible helicity states. On the other hand, the branching fraction is about five times larger than B(B 0 → π + π − ), and the state is found to be almost purely longitudinally polarized, so that a per-event transversity analysis can be avoided and only the longitudinal CP parameters need to be determined. There is good agreement between CP violation measurement in ρ + ρ − from BABAR [21] and Belle [22] . The HFAG average for the longitudinal components is C ρ + ρ − = −0.06 ± 0.13, S ρ + ρ − = −0.05 ± 0.17. 3.3. α from B 0 → ρπ The third mode used to measure the angle α is B 0 → π + π − π 0 . This is not a CP eigenstate, and four flavor-charge configurations (B 0 (B 0 ) → ρ ± π ∓ ) must be considered. The corresponding isospin analysis is extremely complicated involving pentagonal relations among the different amplitudes, and cannot be solved for the 12 unknowns with the present statistics. It was however pointed out [25] that the variation of the strong phase of the interfering ρ resonances in the Dalitz plot provides the necessary degrees of freedom to constrain α with only the irreducible (α → α + π) ambiguity. The two B-Factory experiments have both performed this analysis. BABAR [26] constrain α = (87 +45 −13 )
• ; Belle [27] obtain the tighter constraint 68
• < α < 95
• at 68 % C.L. for the solution compatible with the SM.
α from B
0 → a 1 π The channel B 0 → a 1 π, which has the same quark content as the previous modes, has been recently explored in [28] . With a sample of 608 ± 52 signal events, BABAR adopt a quasi-two-body approach to obtain a precise measurement of α ef f = (78.6 ± 7.3)
• . Following the proposal in [29] , BABAR are also measuring branching fractions in the SU (3)-related modes B → a 1 K [30] and B → K 1 π to constrain |α − α ef f |. 
The GLW method
In the GLW method [31] neutral D mesons are reconstructed in CP -even (D CP + ) and CPodd (D CP − ) eigenstates, as well as in flavor eigenstates (D 0 or D 0 ). The observables
3 . These quantities are sensitive to the angle γ:
, and flavor-specific modes (K − π + ), obtaining A CP + = −0.11 ± 0.09 ± 0.01, A CP − = +0.06 ± 0.10 ± 0.02, R CP + = 1.31 ± 0.13 ± 0.04, R CP − = 1.10 ± 0.12 ± 0.04. The accuracy of these measurements does not allow a determination of γ with the GLW method alone, but contributes improving the overall precision when combined with the other methods.
The ADS method
The idea in the ADS approach [33] is to select decays with similar overall amplitudes, in order to maximize the interference and therefore the sensitivity to CP asymmetries. This is achieved 3 We use the compact notation B • . BABAR is also publishing an updated result [36] , based on 383 × 10 6 BB pairs. In addition to the modes used by Belle, BABAR also reconstruct the decays
As an illustration, results for (x, y) ∓ in the B ∓ → D 0 K ∓ mode from BABAR and Belle are shown in Fig. 4 . Thanks to the larger num- 
Summary and outlook
The B Factories have established CP violation in several B decays, and measured sin2β in charmonium decays with precision better than 4%. All β measurements in many different channels are consistent. Some channels, such as the penguin-dominated b → s modes are particularly promising because they are especially sensitive to heavy virtual states.
The angle α is being studied in charmless B 0 → ππ, ρρ and ρπ transitions. The first measurements of the B 0 → ρ 0 ρ 0 decay confirm the indication that the effect of penguin amplitudes is relatively small in ρρ decays, which in fact yield the most stringent constraints on α. New channels such as B 0 → a 1 π and SU(3)-related decays are being studied, and will hopefully contribute to improve the determination of α, which will eventually be limited by penguin pollution.
A precise measurement of the angle γ, simply unthinkable at the beginning of the B-Factory era, is now a reality thanks to the large accumulated statistics and the number of B decays sensitive to this angle. Several new measurements of B ∓ → D 0 K ∓ transitions have appeared recently, and strong evidence for direct CP violation in these decays is building up. The Dalitz method in particular provides the most stringent constraints to date.
All measurements of CKM angles are at present statistically limited, and will therefore become more precise in the near future, when the BABAR collaboration analyze their full dataset, and Belle continue to accumulate new data.
